Introduction
Stevia rebaudiana Bertoni, is a perennial herb belongs to the Asteraceae family. It is a natural sweetener plant known as "Sweet Weed", "Sweet Leaf", "Sweet Herbs" and "Honey Leaf", which is estimated to be 300 times sweeter than cane sugar. Leaves of Stevia rebuaidana (Bertoni) accumulate up to 30% of diterpenoid steviol glycosides (SVglys) (Geuns 2003) . SVglys are glucosylated derivatives of diterpenoid alcohol steviol. They are used as calorie free sweetener in many countries of the world including China, Japan, Korea, Australia, New Zealand and many countries of European Union. Stevioside and rebaudioside A are the major SVglys. Stevioside has been reported to lower the postprandial blood glucose level of Type II diabetes patients and blood pressure in mildly hypertensive patients (Gregersen et al. 2004) .
Abiotic stresses, such as drought, heavy metals, or high salinity, severely impair plant growth and productivity worldwide. Drought is one of the most important environmental stresses that limits plant production (Shao et al. 2009 ). Drought impacts growth, yield, membrane integrity, pigments content, osmotic adjustment water relations, and photosynthetic activity. Under drought, plants accumulate proline, sucrose, soluble carbohydrates, glycine betaine, and other solutes in cytoplasm to maintain cell turgor. The process of accumulation of such solutes under drought stress is known as osmotic adjustment (Anjum et al. 2011) .
Paclobutrazol (PBZ) [(2RS-3 RS )-1-4(chlorophenyl)-4,4-dimethyl-2-1,2,4-triazol-1yl-penten-3-ol] is a member of the triazole family. Triazole compounds are widely used as fungicides and they also have plant growth regulating properties by the inhibition of gibberellin biosynthesis. Triazoles can protect plant against various stresses and have been characterized as plant multi-protectants (Fletcher et al. 2000) . PBZ has been reported to protect plants against drought (Marshall et al. 2000; Zhu et al. 2004 ). Now Stevia is being cultivated in different part of world because it is a medicinal plant with a huge Impact of paclobutrazol on Stevia rebaudiana under drought stress 415 demand in pharmaceutical, food and beverage industries. One critical point in Stevia cultivation is sufficient irrigation to obtain greater profits. According to our knowledge, there is not enough information about the effect of drought stress on Stevia. In this study we addressed the question of S. rebaudiana reaction to drought stress and if PBZ can improve the negative effect of drought stress. Therefore the present investigation was carried out with an objective of studying the effect of drought stress (PEG) and PBZ on growth (fresh weight, dry weight, water content), pigments (chlorophylls, carotenoids, anthocyanin), biochemical constituents (water soluble carbohydrates, reducing sugar, protein, proline, glycine betaine, α-tocopherol), membrane integrity (electrolytic leakage, lipid peroxidation) and activities of proline metabolizing enzymes (pyrroline-5-carboxylate synthetase, proline dehydrogenase) of S. rebaudiana under in vitro condition.
Material and methods

Experimental conditions
Seeds of S. rebaudiana (Bert.) were provided from Prairie Oak Publishing, 221 South Saunders Street, Marville MO 64468. They were surface-sterilized in 70% (v/v) ethanol for 1 min and 20% (v/v) sodium hypochlorite solution for 15 min before being washed three times in sterile distilled water. All subsequent operations were performed under aseptic conditions in a Laminar flow cabinet.
The culture medium used for these initiation and multiplication experiments was MS (Murashige & Skoog 1962) . Each was supplemented with 30 g L −1 sucrose. After the pH was adjusted to 5.8, 8 g L −1 agar was added, after which the medium was dispensed into jars and autoclaved. Four seeds were cultured per jar under aseptic condition. All cultures were incubated at 26 ± 1
• C under 2,500 lux derived from 2 × 120 ordinary white fluorescent lamps under a photoperiod of 16 h. The rooted plantlets were sub-cultured into new MS medium.
Some prior characterization of multiple parameters was done to select a meaningful level of PBZ (0-10 mg L −1 ) and PEG (0-20% w/v). The results demonstrated that 0-4 mg L −1 PBZ and 0-6% w/v PEG were the most effective concentrations. Therefore, the subsequent experiments were done with PBZ treatment at 0, 1, 2 and 4 mg L −1 and PEG (molecular weight 6000) at concentrations of 0, 2, 4 and 6 % (w/v). Similar rooted plants on basal medium of about 10 cm height were transferred to medium supplemented with PBZ and PEG without the gelling agent (liquid medium). Plants could not survive for long under drought stress so the cultures were kept for 14 days to study their growth potential and regeneration capacity under different treatments. All measurements were performed two weeks after transferring the plants to the described media.
Growth measurement
Some growth parameters such as fresh and dry weight of shoots were measured from the collected samples. The fresh weight was measured directly after harvesting. The dry weight was measured by drying the plants at 70
• C for 48 h, to give a constant weight. Shoot water content was calculated as a difference between fresh and dry weight.
Photosynthetic pigments measurement
The leaves of the plants were extracted in 80% (v/v) acetone. Chlorophylls and carotenoids contents were determined spectophotometrically after centrifugation of extract and calculated according to the Lichtenthaler & Wellburn (1983) .
Anthocyanins content
Anthocyanins were extracted from fresh leaves in acidified methanol (methanol : HCl, 99:1 v/v). Anthocyanins of samples were analysed according to Wanger (1979) and calculated using an extinction coefficient of 33,000 mol −1 cm −1 .
Carbohydrates content
All measurements were done on oven-dried ground leaves of plants. Water soluble carbohydrate (WSC) determination was based on the phenol-sulfuric-acid method (Dubois et al. 1956 ). The amount of total reducing sugar (RS) was measured by Somogy-Nelson (1952) method.
Glycine betaine content
Glycine betaine was extracted from dried ground leaves and determined following the method of Grieve & Grattan (1983) .
Free proline
Free proline was extracted from fresh leaves and determined by spectrophotometer according to Bates et al. (1973) method.
α-Tocopherol content α-Tocopherol was extracted from fresh leaves in a mixture of petroleum ether and ethanol (2:1.6 v/v) and the supernatant was used for the assay. α-Tocopherol content was determined as described by Backer et al. (1980) .
Lipid peroxidation
Lipid peroxidation was determined by the thiobarbituric acid (TBA) reaction as described by Heath & Packer (1968) . Fresh leaves were extracted in trichloroacetic acid (TCA) solution. The malondialdehyde (MDA) content was calculated using an extinction coefficient of 155 mM −1 cm −1 .
Electrolyte leakage
Leaf membrane damage was determined by recording of electrolyte leakage as described by Valentovič et al. (2006) .
Soluble proteins content
Fresh leaf samples were used for protein and enzyme analysis. One g of leaves was homogenized in 3 mL 50 mM sodium phosphate buffer (pH 7.8) including 1.0 mM EDTA, 4 mM DTT, 5 mM MgSO4, 10% glycerol and 2% (w/v) PVPP. The homogenate was centrifuged at 13,000 rpm at 4
• C for 40 min. The supernatant was used for enzyme activity and protein content assays. All assays were done at 4
• C. Proteins were determined by the method of Bradford (1976) using bovine serum albumin (Sigma-Aldrich Co., USA) as standard.
Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) SDS-PAGE was carried out according to the method of Hames (1990) in 12% separating gel and 5% stacking gel. The gel was stained with silver staining solution. Pyrroline-5-carboxylate synthetase (P5CS, EC 1.2.1.41) activity P5CS activity was determined by following the rate of NADPH oxidation as measured by the decrease in the absorbance at 340 nm (Stines et al. 1999 ).
Proline dehydrogenase (PDH, EC 1.5.1.2) activity The PDH was assayed by following the NAD + (or NADP + ) reduction and an increase in the absorbance at 340 nm according to Rena & Splittstosser (1975) .
Statistical analysis
The experiment included three biological replicates and each replication comprised up to 12 plants. The experimental setup was designed by using a Randomized Complete Block Designs with three replications. The data were analyzed by the Duncan test's SPSS (version 16) statistical package to assess significant differences (at the 5% level) among means.
Results
Data indicates that both drought stress and PBZ treatment significantly reduced fresh and dry weigh, and water content of plants, with more reduction in drought stress (Fig. 1) . The highest reduction in fresh weight (71%), dry weigh (58%) and water content (72%) was observed in 6% PEG in comparison with control plant. PBZ treatment partly restored the reduction in fresh and dry weigh, and water content in 6% PEG.
Results of pigments are presented in Fig 1. The chlorophylls and carotenoids content significantly decreased in 4 and 6% PEG. Chlorophylls and carotenoids showed no significant changes in PBZ (with or without PEG) treatments, with the exception of chlorophylls in combination of 1 and 4 mg L −1 PBZ with 6% PEG. The anthocyanins level significantly decreased in 6% PEG while in PBZ-treated plants was similar to control plant (Fig. 1) .
The WSC and RS contents significantly decreased in 6% PEG by about 17 and 31%, respectively (Fig. 2) . In presence of PBZ in medium, no significant changes were observed in WSC and RS contents. A significant increase was observed in electrolyte leakage with increasing PEG concentration (Fig. 2) . The highest increase in electrolyte leakage was observed in 6% PEG by about 64%. Electrolyte leakage in PBZ+PEG treat- ments was less than the same PEG level without PBZ, especially in 2 mg L −1 PBZ. MDA content significantly increased in 4 and 6% PEG by about 61 and 80%, respectively (Fig. 2) . In combination of PBZ with 4 and 6% PEG, MDA level was significantly less than the same PEG level without PBZ. PEG and/or PBZ treatments significantly increased glycine betaine and α-tocopherol contents (Fig. 2) .
Proline accumulation significantly increased in 4% PEG (35%) while inversely decreased in 6% PEG (55%; Fig. 3 ). In PBZ-treated plants, proline content significantly increased in 4% PEG while no significant changes was observed in 6% PEG compared to control plants. Drought stress resulted in no significant changes in protein content (Fig. 3 ). PBZ (with or without PEG) treatments significantly increased protein content, especially in 2 mg L −1 PBZ. The highest level of protein was observed in combination of 2 mg L −1 PBZ with 6% PEG, about 34% higher than that in control plant. Results showed that drought stress and PBZ treatments caused no significant changes in PDH and P5CS activity (Fig. 3) .
The most and less changes in proteins content was observed in 0 and 2 mg L −1 PBZ so SDS-PAGE analysis was only done for them in combination with PEG (0-6% w/v). Figure 4 shows SDS-PSGE of proteins extracted from plants subjected to various treatments. In PBZ treatment alone, the intensity of proteins bands showed no significant changes compared to the control plants. The intensity of 14.4, 18.4, 45 and 66.2 kD bands decreased by increasing PEG concentration (with or without PBZ). On the contrary, the intensity of 25 and 35 kD bands increased in PEG and PBZ treatments, compared to the control plants. The highest intensity of 25 kD band was observed in 6% PEG.
Discussion
S. rebaudiana originates from a semi-humid area with a yearly average rainfall of 1,500 mm. Drought stress causes water loss and adversely affects plant growth. Obtained results show that drought stress negatively affects plant growth and S. rebaudiana has very little resistance to drought. A common adverse effect of drought stress on plants is the reduction in fresh and dry biomass production due to the decrease in the number of leaves per plant and leaves size (Anjum et al. 2011) . PBZ, as a gibberellin biosynthesis inhibitor, reduces plant height, leaf size and subsequently plant weight (Fletcher et al. 2011) . PBZ treatment decreased plant weight in this experiment but it could partly restore plant weight in drought-stressed plants. The most effective level of PBZ was 2 mg L −1 . Reduction of plant water content under drought stress could partly be quenched by PBZ treatment. Navarra et al. (2007) reported that PBZ-treated plants showed better water status which supports our results.
The amount of chlorophylls and carotenoids decreased in S. rebaudiana under drought stress. The decrease in chlorophylls content under drought stress has been considered as a typical symptom of oxidative stress and might result from pigment photo-oxidation and chlorophyll degradation (Farooq et al. 2009 ). Carotenoids are known to act as efficient quenchers of triplet chlorophyll and singlet oxygen (DemmingAdams 1990). The decrease in carotenoids under stress condition is due to the degradation of β-carotene and formation of zeaxanthins, which are apparently involved in protection against photo-inhibition (Sultana et al. 1999) . PBZ treatment partly inhibited the negative effect of drought stress on photosynthetic pigments, especially in 2 mg L −1 PBZ. Anthocyanins are water-soluble pigments derived from flavonoids via the shikimic acid pathway (Herrmann 1995) . The negative effect of drought stress on anthocyanins was less than photosynthetic pigments. Anthocyanins are responsible for the antioxidant capacity in plant tissues (Larson 1988) . The leaf extract of S. rebaudiana is a potent antioxidant (Shukla et al. 2011 ) and the accumulation of anthocyanins might improve antioxidant activity against drought stress.
Results showed that high level of drought stress decreased carbohydrates content which can be correlated to degradation in photosynthetic system. PBZ reduced the negative effect of drought stress (6% PEG) on RS in comparison with control. It suggests that PBZ evaluate the negative effect of drought stress on sugar accumulation which is supported by Aly & Latif (2011) reports. In drought-stressed plant, MDA increased in positive correlation with increasing electrolyte leakage. PBZ treatment reduced membrane damages in stressed plants which resulted in lower level of electrolyte leakage and MDA. Drought induces oxidative stress in plants by generation of reactive oxygen species (ROS) (Farooq et al. 2009 ). ROS can directly attack membrane lipids and increase lipid peroxidation which increases MDA content (Anjum et al. 2011 ). Fletcher et al. (2000 reported that the stress protective effect of triazole against stress is mediated by an increase in antioxidant contents. In our experiment, lower MDA increases observed in PEG + PBZ-treated plants suggests a better protection from oxidative damage due to PBZ treatment.
Drought associated oxidative stress slows down metabolism and modifies membranes which causes lipid peroxidation. α-Tocopherol is a lipophilic antioxidant. It plays an important role in adsorbing and neutralizing free radicals which results in antioxidant protection (Wang & Quinn 2000) . Drought stress and PBZ treatments increased α-tocopherol with further increase in PBZ-treated plants. Sankar et al. (2007) reported that PBZ increased the levels of α-tocopherol in Arachis hypogaea under drought stress which supports our results.
Glycine betaine accumulation in plant has been widely recognized as abiotic stress response where it acts as an osmoprotectant by stabilizing both the quaternary structure of proteins and the highly ordered structure of membranes (McNeil et al. 1999) . Glycine betaine content increased in drought stress and PBZ treatment with higher amount in PBZ-treated plants.
The accumulation of glycine betaine in Stevia improves the ability of plant to withstand the stress. Also it can enable the plant to maintain water potential. Proline accumulation is the first response of plants exposed to water-deficit in order to reduce injury to cells and improve plant tolerance to drought stress (Anjum et al. 2011) . The proline content significantly reduced in 6% PEG which was restored by PBZ treatment. High accumulation of proline in PBZ-treated plants can preserve the structure of complex proteins, maintain membrane integrity under dehydration stress and reduce oxidation of lipid membranes or photoinhibition (Demiral & Turkan, 2004) . Proline synthesis from glutamate via D1-pyrroline-5-carboxylate (P5C) is catalyzed by glutamate dehydrogenase, P5C synthetase (P5CS) and P5C reductase (P5CR), while proline oxidation to glutamate is mediated by proline dehydrogenase and P5C dehydrogenase (Raymond & Smirnoff 2002 ). P5CS and PDH activity was not affected by drought stress and PBZ treatment. Chaitanya et al. (2009) reported that PDH and P5CS activity increased in the mulberry under drought stress which was followed by increase in proline accumulation. On the contrary, in this study no correlation was observed between enzyme activity and proline accumulation.
Protein measurement showed that drought stress had no effect on protein content while PBZ treatment significantly increased it. It is reported that drought stress resulted in an increase of some soluble proteins and a decrease of others. For example, in maize, it has been observed that drought stress increased the expression of 50 proteins, decreased that of 23, and induced the synthesis of 10 proteins, as detected by twodimensional gel electrophoresis (Riccardi et al. 1998) . In this study, SDS-PAGE of extracted proteins revealed that drought stress and PBZ treatments increased some proteins and reduced some other. Drought stress with or without PBZ increased the accumulation of low molecular weight of proteins, e.g. 25 kD. One of the up-regulated proteins in salt stressed tomato was a salt tolerance protein with 25 kD weight (Amini et al. 2007 ). Dani et al. (2005) reported that salt and osmotic stresses can increase the expression of stress proteins. This protein has a critical function in plant development under biotic and abiotic stresses (Amini et al. 2007 ).
In conclusion, the reduction in plant growth, photosynthetic pigments, carbohydrates and proline, and increase in lipid peroxidation and electrolyte leakage under PEG treatment shows that S. rebaudiana is a drought sensitive plant. PBZ treatment could partly inhibit the provoked negative effect of drought stress by accumulation of higher amount of α-tocopherol, glycine betaine and proline, and less lipid peroxidation. The most effective concentration of PBZ was 2 mg L −1 . It is suggested to do subsequent experiments with 2 mg L −1 PBZ on gene transcription, steviol glycosides and antioxidant system.
